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ABSTRACT — In many species of teleosts, and in zebrafish ( Brachydanio rerio) in particular, 
endothelin-1 (ET-1) caused aggregation of pigment within melanophores in a dose-dependent manner. 
ET-1 appeared to act directly on the melanophores since denervated melanophores responded to the 
peptide quite similarly to the normally innervated cells. Alpha-adrenergic blockers, namely, phentol- 
amine and tolazoline, and a muscarinic cholinergic blocker, scopolamine, did not interfere with the 
action of ET-1 on melanophores. Contrary to our expectations, BQ-123, an inhibitor of mammalian 
ET-1 receptors (ET A receptors), did not block the action of ET-1 on melanophores. Presumably, 
teleostean ET receptors have very different pharmacological characteristics from those of mammalian 
species. In many fishes, ET may be involved in the subtle and delicate modification of hues and patterns 
of the integument that are associated with their elaborate and effective chromatic strategies for survival. 


INTRODUCTION 

Endothelin (ET) is a vasoconstrictive peptide 
that was first isolated from medium in which 
porcine vascular endothelial cells had been cul- 
tured [26]. ET very effectively induces the con- 
striction of almost all vessels, both arterial and 
venous, of a number of mammalian species. There 
are, in fact, three isopeptides of ET, namely, 
ET-1, ET-2 and ET-3, and they have various 
biological effects on vasculature [13, 18]. 

To date, only few studies have been reported on 
the presence in and the effects of ETs on lower 
vertebrates. Uemura et al. [24] detected im- 
munoreactive ET in the plasma of several lower 
vertebrates, including two teleost species. Kasuya 
et al. [16] described the presence of immunoreac- 
tive ET in the central nervous system of the 
medaka. Furthermore, it was recently shown that 
mammalian ET-1 causes contraction of the vascu- 
lature in the rainbow trout Salmo gairdneri 
(Oncorhynchus my kiss) [20]. Poder et al. [22] 
reported that ET-1 induced vasoconstriction of 
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mesenteric arteries in a species of catfish Ictalurus 
(. Ameiurus ) melas and in other poikilothermic 
vertebrates. To date, there have been no well 
documented reports on the effects in fish of ETs on 
cells other than those of the vascular musculature. 
In the present study, therefore, we examined the 
effects of this peptide on the dermal melanophores 
of several species of fish. Since the chemical 
characterization of fish ETs has not been per- 
formed, we chose a readily available mammalian 
ET-1 as a representative ET. 

MATERIALS AND METHODS 

Materials 

Adult forms, without reference to sex, of the 
zebrafish ( Brachydanio rerio), the rose bitterling 
( Rhodeus ocellatus ocellatus ), the Nile tilapia 
(Oreochromis niloticus), the mailed catfish ( Cory - 
doras paleatus ), the white cloud mountain minnow 
( Tanichthys albonubes), the common minnow 
(. Zacco platypus),' the black striped gudgeon 
( Pungtungia herzi), the medaka (wild type; Ory- 
zias latipes) and the marble goby (Oxyeleotris 
marmoratus) were employed. These teleostean 
species were purchased from the local dealers in 
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Tokyo and in Chiba Prefecture, and they were 
reared in freshwater aquariums in our facilities for 
at least a week for acclimatization. 

Scales with pieces of integumental tissue 
attached from all species named above were sub- 
jected to measurements of the responses of me- 
lanophores. Specimens were isolated from the dor- 
so-lateral part of the trunk, except in the case of 
the mailed catfish Corydoras, in which the middle 
part of the mail, including the lateral line, was 
excised and carefully cleaned by discarding the 
debris of connective tissue components [14]. 
When we used Nile tilapias, split-fin preparations 
[1] were also employed. The specimens of skin 
were excised and prepared in a physiological saline 
solution for teleosts, which had the following com- 
position (in mM): NaCl 125.3, KC1 2.7, CaCl 2 1.8, 
MgCl 2 1.8, (/?)-( + )- glucose 5.6, Tris-HCl buffer 
5.0 (pH 7.3). 

Among the fish listed above, zebrafish were 
predominantly used for quantitative studies, be- 
cause these fish were readily available, and repro- 
ducible results were consistently obtained if we 
focused on the melanophores around the center of 
a scale for measurements. In addition, since 
zebrafish can be conveniently employed for assess- 
ing the extent of water pollution, and since their 
eggs are frequently used for biotechnological stud- 
ies which include efforts to obtain transgenic fish, 
we have begun to direct our attention to this 
species in particular. We expect that the outcome 
of our chromatic physiological studies of this spe- 
cies will provide useful information for future 
experiments with these fish. 

The scales on the dorso-lateral surface of ze- 
brafish were plucked out from the anterior part of 
the trunk for experiments. The melanophores are 
not located in the dermis between the epidermis 
and the bony scale in this fish, but are found in the 
thin dermal loose connective tissue below the 
scales. This situation resembles that in the dark 
chub, Zacco temmincki [10], and in some other 
cyprinids, for example, the topmouth gudgeon, 
Pseudorasbora parva (Fujii, unpublished observa- 
tions). Without a covering of epidermis, which 
always forms a strong barrier to the diffusion of 
solutes, the melanophores are very accessible to 
stimulatory chemicals, and, indeed, they exhibit 


very high responsiveness to chemical stimulants. 

Before experimentation, scales isolated from the 
medaka and the marble goby were stored in a 
refrigerator (4°C) for 30-60 minutes in a saline 
solution that lacked Ca 2+ and Mg 2+ ions. The 
recipe of the solution was as follows (in mM): 
NaCl 130.7, KC1 2.7, (/?)-( + )- glucose 5.6, 
ethylenediamine tetraacetic acid (disodium salt; 
Dojindo Lab., Kumamoto, Japan) 1.0, Tris-HCl 
buffer 5.0 (pH 7.3). Then the epidermis was 
carefully removed with fine forceps. 

In some experiments, responses of denervated 
melanophores were studied. Such melanophores 
were obtained by intraperitoneal injection of 6- 
hydroxydopamine (6-OHDA) [11]. Zebrafish, 
anesthetized by immersion in a 0.005% solution of 
MS-222, were injected with 6-OHDA (80 pg per 
gram body weight). The melanophores on a scale 
plucked from a fish that had been left overnight in 
an aquarium were tested to determine whether the 
cells had been denervated. When the melan- 
ophores were found to be refractory to an eleva- 
tion in the level of K + ions in the medium, they 
were regarded as being denervated. 

Recording of responses of melanophores 

The physiological and pharmacological methods 
employed were basically the same as those de- 
scribed in previous reports [3, 21]. The photoelec- 
tric method for recording motile responses of 
melanophores was fundamentally identical to that 
described by Oshima and Fujii [21], but the elec- 
tronic circuitry was somewhat modified by incor- 
poration of integrated circuits of a new type, 
namely, CMOS chopper-stabilized operational 
amplifiers (MAX421; Maxim Integrated Products, 
Sunnyvale, CA). As a result, offset correction, 
which is a rather difficult procedure for novices, 
was not necessary for practical purposes (Fujii et 
al., to be described elsewhere). 

Light transmittance through a circular area of 
skin with a diameter of 150 pm was measured. In 
many cases, the area was sufficient to include the 
region occupied by only a single melanophore [21]. 
When smaller melanophores were densely distrib- 
uted as in the scales of zebrafish, a few me- 
lanophores were included within each domain, and 
the net effects of their motile responses were 
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recorded. At the end of each series of measure- 
ments, a sufficiently strong solution of nor- 
epinephrine hydrochloride (NE; racemic modifica- 
tion; Sankyo, Tokyo) made up in the physiological 
saline was applied for a few minutes in order to 
bring about the full aggregation of pigment for 
reference. Usually a 50 juM solution of NE was 
strong enough for this purpose. The concentration 
of NE is expressed in terms of the sum of the 
concentrations of the active )- and inactive 

(/?)-( + )-isomers. The full extent of the response 
to ET-1 was sometimes recorded before treatment 
of a specimen with norepinephrine, in particular 
when solutions of ET-1 at higher concentrations 
were employed. In all cases, the magnitude of the 
response was expressed as a percentage of the 
maximal response observed during the course of 
measurements, with the fully dispersed state taken 
as zero. 

Drugs used 

Chemical structures of teleostean ETs have not 
yet been determined. Therefore, a mammalian 
ET-1 (ET-1, human/porcine; Sigma Chemical, St. 
Louis, MO) was selected as a representative of the 
three known ET isopeptides because this peptide is 
known to produce definitive and pronounced con- 
traction of vascular smooth muscles in many ani- 
mal species, including some teleosts (cf. Introduc- 
tion). 

In addition to ET-1 and NE, the following drugs 
were employed: phentolamine mesylate (Ciba- 
Geigy, Basel), tolazoline hydrochloride (Sigma 
Chemical), acetylcholine chloride (Daiichi 
Seiyaku, Tokyo), scopolamine N-butylbromide 
(Yamanouchi Pharmaceutical, Tokyo), 3-amino- 
benzoic acid ethyl ester (methanesulfonate salt; 
MS-222; Nacalai Tesque, Kyoto) and 6- 
hydroxydopamine hydrobromide (Sigma Chemi- 
cal). BQ-123-Na, an antagonist of ET receptors of 
the ET a type, was a gift from Dr. M. Yano, Banyu 
Pharmaceutical Co, Tsukuba, Ibaraki. Its struc- 
ture has been determined to be cyclo(-D-Asp-L- 
Pro-D-Val-L-Leu-D-Trp-) [12]. Stock solutions of 
these drugs were diluted with the physiological 
saline immediately before use. 

Before we examined the effects of ET-1, K + - 
rich saline was frequently applied to the prepara- 


tions of skin to confirm that the melanophores 
exhibited normal responsiveness. We adopted 
stimulation by K + ions for this purpose since the 
induced aggregation of pigment was rapidly re- 
versible, and the aftereffects of the stimulation 
were minimal. The responsiveness to K + -rich 
medium also provided evidence that the cells were 
normally innervated, since the aggregation of pig- 
ment in response to K + ions is known to be 
induced via the release of neurotransmitter from 
sympathetic fibers [1]. In the present study, a 
saline solution containing 50 mM K + ions was 
employed. The concentration of Na + ions was 
appropriately decreased so that the final osmolar- 
ity was the same as that of the normal saline. 

All physiological measurements were made at 
room temperature (20-25°C). 

RESULTS 

Effects of ET-1 on melanophores 

Motile responses of melanophores to endothe- 
lin- 1 (ET-1) were examined in the teleostean spe- 
cies. Most melanophores in preparations of skin 
from the fishes listed in Materials and Methods 
responded to ET-1 by the aggregation of their 
pigmented organelles, the melanosomes. The 
photomicrographs shown in Figure 1 demonstrate 
that ET-1 effectively induced the aggregation of 
melanosomes in the melanophores on the scales of 
the zebrafish. To confirm that the melanophores 
actually had normal motile activity, a K + -rich 
saline solution was applied prior to the application 
of ET-1 (Fig. 1). 

Among the fish studied, the Nile tilapia was an 
exception. The melanophores on the scales, as 
well as on the split-tail fin preparations, of this 
species were found to be refractory to ET-1. 
Furthermore, the melanophores on scales of the 
medaka and the marble goby were only found to 
be responsive to ET-1 after removal of the 
epidermis on the top of the loose connective tissue 
in which the melanophores were embedded. 

Melanophores on scales of the zebrafish were 
employed -for quantitative studies, as mentioned 
above. Typical photoelectric recordings of the 
responses to 50 mM K + ions and then to 10 nM 
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Fig. 1. Serial photomicrographs showing the effects of K + -rich saline and mammalian endothelin-1 (ET-1) on the 
melanophores in a scale of the zebrafish ( Brachydanio rerio). A: Equilibrated in physiological saline. 
Melanosomes are completely dispersed in the cells. B, C and D: 10, 20 and 90 sec, after the application of saline 
that contained 50 mM K + ions, respectively. Rapid aggregation of melanosomes is seen. E: Equilibrated again in 
physiological saline for dispersal of melanosomes. F, G and H: 60, 150 and 300 sec, after the application of 10 nM 
ET-1, respectively. Gradual aggregation of melanosomes into perikarya is clearly seen. X200. 


ET-1 of melanophores of a zebrafish are shown in 
Figure 2 (A and B). ET-1 induced the aggregation 
of melanosomes very effectively, although the rate 
of the response was rather low. We found that, in 
some melanophores, such as the ones for which 
responses are shown in panel A of Figure 2, the 
aggregation persisted for a long time. In other 
cases, by contrast, the aggregation was gradually 
reversed as shown in panel B of the same Figure. 
However, the maximal extent of the aggregation of 
melanosomes was very high when the concentra- 
tion of ET-1 was higher than 10 nM. 

The relationship between the concentration of 


ET-1 and the extent of the aggregation of melano- 
somes is shown in Figure 3. At first, we confirmed 
the responsiveness of melanophores by applying 
K + -rich saline. After washing the scale with the 
primary saline, a solution containing ET-1 at one 
of various concentrations from 1 pM to 1 jjM was 
applied. The sample was perfused with each 
solution for 10 min. The effect was found to be 
concentration-dependent, and the curve showing 
this relationship has a typical sigmoid shape. 
Apparent aggregation of pigment was detectable 
at the very low concentration of 100 pM, and the 
maximal level was attained at the concentration of 
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Fig. 2. Typical photoelectric recordings showing the responses of melanophores in a scale from a zebrafish to 50 mM 
KT, 10 nM ET-1, and then to 50 //M norepinephrine (NE). A: Recording of a case in which the aggregation of 
pigment in response to ET-1 persisted for a long time. B: A case in which the aggregation was gradually reversed 
even in the presence of ET-1. 



Fig. 3. Relationship between the concentration of ET-1 
and the extent of the aggregation of melanosomes 
during 10-min application of the peptide to melan- 
ophores of the zebrafish. At the end of each series 
of measurements, a 50 /iM solution of nor- 
epinephrine was applied for 3 min. Abscissa: con- 
centration of ET-1 (logarithmic scale). Ordinate: 
magnitude of response as a percentage of the full 
aggregation of melanosomes attained during each 
series of measurements. Each point represents a 
mean value with SE (vertical bar). The numbers of 
measurements, on scales from different animals, are 
shown in parentheses. 


1 / iM . 

It should be noted that, once the aggregation of 
pigment in melanophores had occurred in response 
to ET-1, the cells usually became refractory to the 
peptide (Fig. 4). However, even after exposure to 
ET-1, the melanophores were found to retain 
normal responsiveness to other chromatophore- 
regulating substances, including norepinephrine, 
that were commonly employed to induce the 
maximal aggregation of pigment at the end of each 
series of measurements. 

Effects of ET-1 on denervated melanophores 

The effects of ET-1 on denervated melan- 
ophores were examined. Results of a typical 
series of experiments to examine the consequences 
of denervation are shown in Figure 5. In the left 
part of the Figure, the absence of responsiveness 
of the melanophores to K + ions is shown. The 
refractoriness indicated that the melanophores 
were actually denervated. When 10 nM ET-1 was 
applied, marked aggregation of melanosomes took 
place. 

Effects of several receptor antagonists 

The effects of several drugs that are known to 
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Fig. 4. Typical recording of the responses of melanophores on a scale of a zebrafish, showing the melanosome- 
aggregating action of ET-1. Note that once the aggregation of pigment had been induced by the action of ET-1, 
the cells became almost completely refractory to the peptide even though their responsiveness to other 
pigment-motor substances, including norepinephrine (NE), was unchanged, as shown in the right part of the 
Figure. 



Fig. 5. Typical recording showing the effect of ET-1 on denervated melanophores of the zebrafish. The cells under 
study were confirmed as actually having been denervated by the absence of a response to an elevated 
concentration of K + ions (50 mM K + ). A solution of ET-1 was then applied, with resultant marked aggregation 
of melanosomes. The hatched part indicates the time during which the driving speed of the recording chart was 
reduced as indicated. NE: norepinephrine. 



Fig. 6. Typical recording of the responses of melanophores of the zebrafish, showing the effect of an alpha- 
adrenolytic agent, phentolamine (Phe), on the melanosome-aggregating actions of norepinephrine and ET-1. 
While the action of norepinephrine (NE) was effectively antagonized, that of ET-1 was not affected by the 
blocker. 


interfere with the receptors on chromatophores 
that mediate the aggregation of melanosomes were 
studied. As representative of alpha-adrenolytic 
agents, phentolamine and tolazoline were tested 
for their possible inhibitory effects on the melano- 
some-aggregating action of ET-1. As shown in 
Figure 6, phentolamine did not interfere with the 


action of ET-1. Tolazoline also lacked any inhibi- 
tory effects (data not shown). 

The effect of a muscarinic cholinergic blocker, 
scopolamine, was then examined since melan- 
ophores of many siluriform catfish [15] and of a 
few cyprinids [9] are known to have cholinoceptors 
of the muscarinic type that mediate the aggrega- 
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Fig. 7. Typical recording of the responses of melanophores, showing the absence of any effect of BO-123, an 
inhibitor of ET A receptors, on the melanosome-aggregating action of ET-1. Note the total ineffectiveness of the 
blocker. NE: norepinephrine. The hatched part indicates the time during which the driving speed of the 
recording chart was reduced as indicated. 


tion of melanosomes. Scopolamine also had no 
effect on the action of ET-1 (data not shown). 

Effects of an ET-receptor blocker 

A recently developed blocker of mammalian 
ET a receptors, BQ-123, was examined for its 
possible effects. Contrary to our expectations, the 
blocker did not have any inhibitory effect, even at 
very high concentrations (Fig. 7). 

DISCUSSION 

Yada et al [25] reported that ETs promote the 
proliferation and melanization of human melano- 
cytes. In the present report, we paid attention to 
the effects of this type of peptide on the motile 
activities of pigment cells and could find pigment- 
aggregating action of ET-1 for the first time. 
Namely, ET-1 at concentrations much lower than 
that we ever expected caused the aggregation of 
pigment in melanophores in preparations of skin 
excised from many of the teleost species examined. 
Since denervated melanophores responded in 
quite a similar manner to normally innervated 
cells, it seems clear that the peptide acted directly 
on the melanophores, not via an effect on the 
endocrine or nervous elements that can be found 
in the vicinity of the target cells. 

In both innervated and denervated melan- 
ophores, ET-1 at concentrations as low as 100 pM 
induced the apparent aggregation of pigment, 
while the peptide at 10 nM normally induced a 
near maximal response. Thus, the action on 
melanophores seems not to be merely pharmaco- 
logical, but to have physiological relevance. It may 


be safely proposed, therefore, that one or a few 
peptide species belonging to the ET family is 
involved in changes in integumental coloration via 
the control of chromatophores. Categorized as 
“paraneurons”, vertebrate chromatophores, in- 
cluding melanophores, are of ectodermal origin. 
Thus, we have now demonstrated the effect of ET 
on cells of an ontogenetic origin other than the 
mesoderm, from which muscle cells originate ex- 
clusively. 

Using a radioimmunoassay for ET-1, Uemura 
and her associates [24] detected an ET-like princi- 
ple in the blood plasma of a number of vertebrates, 
including two species of teleosts, namely, the 
common Japanese conger Conger myriaster and 
the carp C yprinus carpio. As a consequence, they 
suggested the general occurrence of peptides of 
this type throughout the vertebrates. The presence 
in the blood of the principles strongly suggests that 
they are the hormonal principles. Thus, it may 
rather safely be assumed that such peptides func- 
tion in the endocrine regulation of teleostean 
chromatophores. We presume that they may be 
secreted from endothelial cells, as their original 
nomination signifies. 

Using an immunocytochemical technique, 
Kasuya et al. [16] showed that such an ET-like 
substance was detectable in the hypothalamo- 
neurohypophyseal system and in the caudal 
neurosecretory system of the medaka Oryzias 
latipes . Thus, the neurohypophysis or urophysis 
might also be the endocrine gland involved in the 
synthesis .of ET-like hormone(s). These various 
observations indicate that, in lower vertebrates, 
circulating ET may function as a hormone to 
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control certain target cells that naturally include 
vascular smooth muscle cells. Now, we can add 
the chromatophores to the list of possible target 
cells for ET-related compounds in fish. In addition 
to the neuro hypophysis or the urophysis, we sug- 
gest that the chromaffin cells of adrenal tissue are 
another possible site in fish of secretion of ET since 
Sawamura et al. [23] recently indicated that, in 
mammals, ETs are also produced in chromaffin 
granules of adrenal chromaffin cells. In fish, 
incidentally, adrenal chromaffin cells that corre- 
spond to those of higher vertebrates are known to 
be present in the head kidney. 

From the observations of the presence of an 
ET-like peptide in peripheral tissues of fish, 
Kasuya et al. [16] suggested that the peptide might 
function as a neurotransmitter or neuromodulator. 
Neurotransmitter substances applied extrinsically 
to a preparation of skin usually have an effect on 
chromatophores only at relatively high concentra- 
tions [3-5, 7, 14]. This observation may indicate 
that, for successful neurotransmission, rather high 
concentrations of the transmitter are needed at the 
surface of the postsynaptic membrane. It seems 
likely, therefore, that ET acts not as a neurotrans- 
mitter, but as a hormone or as a neuromodulator 
to bring about subtle adjustments of the motile 
activities of chromatophores that are under the 
coarse control of the principal pigment-motor cues 
[ 2 , 6 ]. 

It is also possible that ET is secreted as a local 
hormone or an autacoid to affect localized chro- 
matic changes, for example, changes in color pat- 
terns, by modulating the actions of known nervous 
and hormonal principles. In such a case, peripher- 
al chromaffin cells scattered in the dermis might be 
candidates for the secretory cells in question [19]. 
Such a mode of endocrine action can be catego- 
rized as “paracrine” secretion. 

To date, we still have no information about the 
molecular structures of ETs in fish. Given the 
much longer phylogenetic history of the class 
Osteichthyes, the diversity of their ETs should be 
even greater than that in mammals [13]. Thus, we 
can speculate that many teleostean ETs might have 
numbers and sequences of amino acids rather 
different from those of mammals because these 
two classes of vertebrates have evolved separately 


for more than 400 million years, even though they 
may initially have possessed common ancestral 
genes for ET. Nevertheless, as shown herein, 
human /porcine ET-1 acts very effectively on me- 
lanophores of many species of fish. This result 
indicates that ETs of fish may have molecular 
structures that are not so very different from those 
of mammals, notwithstanding the long history of 
divergence. In other words, ETs may be rather 
conservative peptides. Future attempts at cloning 
the genes for ETs from lower vertebrates should 
provide information about these issues. 

In teleosts, sympathetic postganglionic innerva- 
tion is primarily responsible for the aggregation of 
pigment in melanophores, and alpha-adreno- 
ceptors are involved in this process [2, 3, 6]. In a 
few fish in the superorder Ostariophysi, to which 
zebrafish and some other species used in the 
present study belong, cholinoceptors of the mus- 
carinic type are present that also mediate the 
aggregation of pigment [4, 7, 9, 15]. However, 
neither phentolamine, an alpha adrenolytic agent, 
nor scopolamine, a muscarinic cholinolytic agent, 
interfered with the action of ET-1. Therefore, it 
can be safely stated that the action of ET-1 is 
mediated neither by receptors in these categories, 
nor is it elicited by neurotransmitters liberated 
through the stimulation by ET-1 of the nervous 
elements that control melanophores. 

The best-known hormonal agents that induce 
aggregation of pigment in melanophores are mela- 
nin-concentrating hormone (MCH) and melatonin 
[2, 6]. Effective specific antagonists for these 
principles are not yet been available. Thus, the 
possibility of the involvement of receptors for 
these hormones in the action of ET-1 cannot be 
ruled out completely. However, this possibility 
seems quite unlikely because the molecular struc- 
tures of MCH and melatonin are quite different 
from those of ETs. Another possibility is that 
ET-1 acts to release such principles from their local 
storage sites, and that they, in turn, cause aggrega- 
tion of melanosomes. Since such storage cells have 
not been shown to exist, the possibility can also be 
ruled out. 

In the present study, BQ-123, a selective antag- 
onist developed for blocking ETa receptors in 
mammals, was unexpectedly found to be com- 
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pletely ineffective in preventing the effects of 
ET-1. This may possibly be due to the fact that the 
receptors of fish have a very different molecular 
configuration from those of mammals, although 
receptors in both classes of vertebrates might have 
a common ancestor that existed more than 400 
million years ago. Incidentally, it is possible that 
the receptors in fish might more closely resemble 
the original ancestral receptors than those in mam- 
mals. In any case, a complete understanding of the 
interaction between ETs and their receptors in 
vertebrates must await future determinations of 
their respective molecular structures. 

Once it had reached a maximum, the extent of 
pigment aggregation induced by ET-1 gradually 
decreased. The phenomenon can be ascribed to 
so-called “down regulation”, although further 
studies are needed for a complete explanation of 
the sequence of events. 

With respect to the mechanism of signal trans- 
duction as it relates to the action of ET-1 on 
vascular smooth muscle cells of mammalian sys- 
tems, production of inositol 1,4,5-trisphosphate 
(IP 3 ) by activated phospholipase C, elevation of 
the intracellular concentrations of Ca 2+ ions, 
activation of protein kinase C, and so on, have all 
been suggested as possible factors [17]. In the 
pigment-aggregating response to norepinephrine 
of the melanophores in the Nile tilapia Orechromis 
niloticus y the involvement of the PI response has 
recently been demonstrated [8]. Therefore, it 
seems quite probable that a mechanism similar to 
that involved in the action of ET on mammalian 
smooth muscles or similar to that involved in the 
action of norepinephrine on melanophores of fish 
is operative in the response of melanophores to 
ET-1. Studies to examine these possibilities are in 
progress. 
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